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ABSTRACT
We highlight similarities between recently discovered Rotating Radio Transients and
X-ray Dim Isolated Neutron Stars. In particular, it is shown that X-ray Dim Isolated
Neutron Stars have a birthrate comparable to that of Rotating Radio Transients. On
the contrary, magnetars have too low a formation rate to account for the bulk of
the radio transient population. The consequences of the recent detection of a thermal
X-ray source associated with one of the Rotating Radio Transients on the proposed
scenarios for these sources are also discussed.
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1 INTRODUCTION
The remarkable discovery of a new population of transient
radio-sources in the Parkes Multibeam Survey (dubbed Ro-
tating RAdio Transients, RRATs) has been announced very
recently (McLaughlin et al. 2006). A total of 11 sources have
been detected so far and they are characterized by the emis-
sion of bursts with duration ∼ 2–30 ms. The maximum burst
flux density is ∼ 0.1–4 Jy and the mean interval between
bursts is ∼ 4 min–3 hrs. Although no periodicities were
found using standard FFT searches, time difference anal-
ysis revealed periods in the range 0.4–7 s in 10 out of 11
sources with no signature for binarity. In three cases the
period derivative P˙ was measured: the inferred magnetic
fields and ages are in the 1012–1014 G and 0.1–3 Myrs range,
respectively. The sources appear concentrated towards the
Galactic plane and the inner Galaxy, like the normal young
pulsar population. Although their nature is still mysteri-
ous, a natural inference is that we are observing a subset of
the population of the Galactic isolated neutron stars, with
radio properties much at variance with those of ordinary
radio-pulsars (PSRs).
In principle, RRATs might be a completely new, dis-
parate class of isolated neutron stars, or they may be linked
to an already classified population. In fact, on the basis of
the similarities in the measured periods and period deriva-
tives, McLaughlin et al. (2006) pointed out a possible associ-
ation between RRATs and the anomalous X-ray pulsars/soft
γ-repeaters (AXPs/SGRs, the so called magnetar candi-
⋆ E-mail: polar@sai.msu.ru (SBP); turolla@pd.infn.it (RT); pos-
senti@ca.astro.it (AP)
dates; e.g. Woods & Thompson 2004), or between RRATs
and the X-ray dim isolated neutron stars (XDINSs). The lat-
ter are a small group of seven radio-quiet, close-by X-ray pul-
sars, characterized by a thermal spectrum with typical tem-
peratures kT . 100 eV and periods P in the range ∼ 3–11 s
(e.g. Haberl 2004). The recent measure of the spin period
derivative P˙ in two sources gives magnetic fields of ∼ (2 −
3)× 1013 G and ages ∼ 1− 2 Myr (Kaplan & van Kerkwijk
2005a, Kaplan & van Kerkwijk 2005b).
The possibility that RRATs are far away XDINSs ap-
pears worth of further consideration in view of the many,
striking similarities between the two populations: values of
P and P˙ , estimated ages, spatial distribution, lack of pulsed
radio emission. The very recent discovery of a faint X-ray
source (CXOU J181934.1−145804) with soft thermal spec-
trum (kT ∼ 120 eV; Reynolds et al. 2005) in positional co-
incidence with the RRAT J1819-1458 lends further support
to this option.
XDINSs have been searched for pulsed radio emission
with negative results (Brazier & Johnston 1999; Johnston
2003), but only in one case (RX J0720.4−3125; Bradley
2006) the signal analysis was sensitive to radio bursting
activity. Malofeev et al. (2005) reported the detection of
pulsed (probably not bursting) radio emission at very low
frequency from RX J1308.6+2127. If confirmed, the detec-
tion may be related to the fact that this source is proba-
bly the only orthogonal rotator among XDINSs. This geom-
etry is inferred from the double-peaked lightcurve in the
X-ray band, and, interestingly enough, similar properties
are shared by the AXP 1E 2259+586, also possibly seen at
very low radio frequency (Malofeev et al. 2005). A system-
atic multi-frequency search for radio bursts from XDINSs is
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presently under way (Possenti et al. in preparation) and, if
positive, it would strongly suggest an association between
the two types of NSs.
In this Letter we first explore (§ 2) the possible links
between RRATs and SGRs/AXPs or XDINSs by a compar-
ative study of the properties of the three classes of isolated
neutron stars, focusing in particular on their birthrates.
Consequences of the discovery of an X-ray counterpart to
RRAT J1819-1458 (Reynolds et al. 2005) on the nature of
RRATs are discussed in § 3.
2 BIRTHRATES OF DIFFERENT TYPES OF
NEUTRON STARS
2.1 PSRs and RRATs birthrate
McLaughlin et al. (2006) estimated the number of RRATs
to be NRRAT ∼ 4 × 10
5 while current estimates place the
number of Galactic PSRs in the range 7 × 104 . NPSR .
1.2× 105 (Vranesevic et al. 2004). Although the determina-
tion of NRRAT is still preliminary, this would imply that
RRATs outnumber active radio-pulsars by a factor ∼ 3− 5.
However, drawing the conclusion that being a RRAT is a
more common nature for a neutron stars than being a PSR
would be incorrect. The duration of the two phenomena, in
fact, may be substantially different and a better measure
of the relative abundance of RRATs and PSRs is obtained
comparing the birthrates of the two classes of neutron stars.
Recent investigations give for the PSR birthrate a value
βPSR ∼ 0.01–0.02 yr
−1 (Vranesevic et al. 2004; see also
Lorimer 2005 and Faucher-Gigue´re & Kaspi 2006). Likewise
NPSR, the PSR birthrate depends on the adopted models for
pulsar beaming and Galactic electron distribution and the
assumed estimates of both quantities tend to produce lower
limits on the true population (see again Vranesevic et al.
2004). The average active pulsar lifetime (i.e. the charac-
teristic time required to reach the death line) may be es-
timated as τPSR ≈ NPSR/βPSR ∼ 5 × 10
6 yr. Despite the
uncertainties, τPSR turns out to be close to the typical val-
ues one obtains from the spin-down formula, P˙ ∝ P 2−n.
This holds in the case of death line for curvature radia-
tion (star-centred dipolar field) for both vacuum gap and
space-charge-limited flow (Zhang et al. 2000), and adopt-
ing a braking index close to those observed in young PSRs
(1.4 . nPSR . 2.9; Livingstone, Kaspi & Gotthelf 2006).
Due to the very limited amount of information presently
available, an estimate of RRATs characteristic lifetime
τRRAT is somehow haphazard. The physical mechanism re-
sponsible for the emission of radio bursts is still unclear and,
so far, there is no proof that it is similar to that of canonical
pulsar radio emission (see Zhang et al. 2006 for a first dis-
cussion on the RRAT nature). As a consequence, the region
in the P–P˙ diagram in which the conditions for burst emis-
sion are fulfilled may not coincide with that in which pulsed
emission is allowed, so the death lines for the two types of
radio activity may well be different. Moreover, the physi-
cal mechanism responsible for the bursts may also influence
the braking index nRRAT of RRATs. If nRRAT differs sub-
stantially from that of the bulk of the PSR population, the
spin-down history of RRATs may bear little resemblance to
that of ordinary radio-pulsars.
This stipulated, it is interesting to note that the three
RRATs for which both P and P˙ have been measured lie
above (or close to) the radio-pulsar death line. Although
the scanty statistics may play a role here, this may sug-
gest that minimal conditions for triggering radio burst are
shared with those for normal radio-pulsar behaviour. But,
again, none can ensure that the typical time for reaching
the death line is the same for PSRs and RRATs. However, if
RRATs are rotating neutron stars endowed with pulsar-like
magnetic fields, their magneto-dipolar spin-down rate is ex-
pected to be similar to that of PSRs. Unless RRAT and PSR
distributions of initial periods and magnetic fields are dras-
tically different, one can then tentatively conclude that the
lifetime of the two populations is not much diverse. Even a
different braking index, e.g. produced by the bursting activ-
ity, should not alter the main conclusion, since for 1 . n . 4
the typical time required to reach the death line is within a
factor of a few. Given that NRRAT = γNPSR, our estimate
τRRAT ≈ τPSR implies that βRRAT = γβPSR with γ > 3.
2.2 Magnetars birthrate
Kouveliotou et al. (1998) estimated that magnetars are born
with a rate βSGR ∼ 0.001 yr
−1. This follows from the es-
timated age of the soft repeater SGR 1806-20 (∼ 8000–
10000 yr) and from the upper limit on the number of SGRs
in the Galaxy (NSGR . 7; see again Kouveliotou et al.
1998). AXPs are suspected to host a magnetar too, and
are about twice as numerous as SGRs. However, since they
are believed to be typically one order of magnitude older
than SGRs (see e.g. Woods & Thompson 2004), the inferred
birthrate for the two types of sources is of the same order,
βSGR ∼ βAXP.
Taken face value, βSGR is about a few per cent
of the birthrate of radio-pulsars and obviously too low
to be comparable with the RRAT birthrate as given in
§ 2.1. We note that the estimate by Kouveliotou et al.
(1998) strongly depends on the efficiency of SGR detection
(Woods & Thompson 2004). However, in order to obtain a
SGR birthrate equal to the rate of radio-pulsar formation,
one should assume a detection efficiency as low as 10%, at
variance with the fact that each of the four confirmed SGRs
produced a strong flare during the period of active mon-
itoring of these sources1. We also note that the stringent
upper limits on the detection of giant flares from extra-
galactic SGRs in the BATSE archive (Lazzati et al. 2005;
Popov & Stern 2006) provides further evidence in favour of
a small number of magnetars in the Galaxy.
Even regarding βSGR ∼ 0.001 yr
−1 as an absolute lower
limit (not all magnetars in their youth may exhibit a SGR-
like activity), the birthrate of RRATs can hardly be recon-
ciled with that of magnetars. We conclude that some small
fraction of RRATs can perhaps be associated with magne-
tars, but not the bulk of the population.
1 Three of these bursts are bona fide giant flares. The fourth,
that from SGR 1627-41 observed on 1998 June 18, was also very
energetic, but did not show evidence for a pulsating tail. Still,
some authors classify this event as a giant flare (Mazets et al.
2004).
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2.3 XDINS birthrate
The population of XDINSs is small (up to now NXDINS = 7,
whence the name Magnificent Seven), and comprises only
relatively young and close-by objects. This is mainly a con-
sequence of an observational bias, since intermediate-age,
radio-silent cooling neutron stars are very elusive sources.
Although it is difficult to get an exact estimate of
βXDINS, its order of magnitude can be easily derived. Only
the distance of the brightest source, RX J1856.5-3754 (∼
120 − 170 pc, Walter & Lattimer 2002; D. Kaplan, unpub-
lished) is well determined. However, we can conservatively
adopt a distance of DXDINS . 400 pc on the basis of the X-
ray determination of the column densities and on the upper
limit for the size of the Gould Belt (see below). Ages also
are not well constrained, but, basing on the surface tem-
peratures, XDINSs cannot be older than τXDINS ≈ 1 Myr,
if they are standard cooling isolated neutron star (see e.g.
Yakovlev et al. 1999 and Page et al. 2004). This is sup-
ported by the recent measure of P˙ in two sources, im-
plying an age of ∼ 1 − 2 Myr (Kaplan & van Kerkwijk
2005a; Kaplan & van Kerkwijk 2005b). A first estimate of
the XDINS birthrate in the proximity of the Sun is then
of order ten per Myr, well consistent with the inferred su-
pernova rate in the Gould Belt, ∼ 20 − 30Myr−1 (Grenier
2000).
In fact, as discussed by Popov et al. (2003), the local
density of XDINSs is expected to be higher with respect to
the Galactic average since the solar neighborhood is part of
the Gould Belt, an association of young stellar systems. Be-
cause of the comparatively large fraction of massive stars in
the Belt, the local neutron star formation rate is higher. The
origin of XDINSs in young nearby stellar systems is also sup-
ported by dynamical considerations based on their proper
motions (e.g. Kaplan et al. 2002). In summary, the Gould
Belt accounts for about 2/3 of the observed XDINSs, so
that the average Galactic birthrate βXDINS should be λ1 ∼ 3
times lower than the local one. On the other hand, neu-
tron star cooling curves are mass-dependent (more massive
stars cool faster, see again Yakovlev et al. 1999; Page et al.
2004) and close-by NSs which are slightly more massive
than the observed seven may be too dim by now to be
detectable in X-rays. In particular, we can expect up to
a dozen additional, dimmer isolated neutron stars of the
same age and within the same distance of the Magnificent
Seven (see, for example, Popov 2004; Popov et al. 2005).
These sources may be among the unidentified ROSAT ob-
jects (Schwope et al. 1999; Rutledge et al. 2003), and we
can expect them to be identified by on-going searches (see,
for example, Chieregato et al. 2005; Agueros et al. 2006 for
recent reports on the search for new XDINS candidates).
Hence the total number of XDINSs in the solar neighbor-
hood should be λ2NXDINS, where λ2 ∼ 2− 3.
Extending the previous argument to the
whole Galaxy gives βXDINS = [(λ2NXDINS/λ1) ×
(Rdisc/DXDINS)
2]/τXDINS ≈ 0.01 yr
−1. In deriving the
previous expression we used the fact that XDINSs are a
disc population and took Rdisc = 15 kpc, λ2/λ1 ∼ 1. It
should also be mentioned that the local density of neutron
stars (disregarding the enhancement produced by the
Belt) is lower than the Galactic average, because of the
exponential density decay (with typical length-scale ∼ 3
kpc; e.g. Kent et al. 1991; Fux & Martinet 1994) in the
Galactic disc. If this is taken into account, then βXDINS
may reach a few events per century and it may well be that
cooling, radio-silent isolated neutron stars have a birthrate
comparable to, or even higher than, that of radio-pulsars.
This is indeed the case for the local population of XDINSs,
as suspected already by Neuha¨user & Tru¨mper (1999)
and confirmed by Popov et al. (2000) and by Popov et al.
(2003). As these investigations have shown, the average
density of radio-pulsars is not high enough to explain the
number of observed XDINSs.
2.4 Total birthrate of isolated neutron stars
As a consistency check for our birthrate estimates of §2.1,
§2.2, and §2.3, we can compare the total birthrate βINS of iso-
lated neutron stars (INSs) in the Galaxy with the observed
rate of supernovae. In fact, βINS > βPSR + βXDINS + βSGR.
The formation rate of the magnetars can be safely ne-
glected in this calculation, since it is about a factor ten
lower than both βPSR and βXDINS. Hence, conservatively
assuming βPSR ∼ βXDINS, and accounting for the stated un-
certainties, it turns out βINS & 0.02 − 0.04 events per yr.
This figure is in comfortable correspondence with both the
recent determination of the rate of core collapse supernovae
in the Galaxy (1.9 ± 1.1 events per century: Diehl et al.
2006) and with the estimate of the rate of supernovae
which can produce neutron stars (. 3 events per century:
Faucher-Gigue´re & Kaspi 2006).
3 DISCUSSION
In the previous section we have pointed out that among the
known Galactic INS populations, and with the possible ex-
ception of PSRs (see below), XDINSs alone have a formation
rate of the right order to account for the large inferred num-
ber of RRATs. Although the idea that RRATs are far away
XDINSs appear promising in the light of presently available
information, other interpretations may be conceivable.
The Galaxy is the graveyard of as many as 108 INSs
which are too old to be active as radio-pulsars. Despite old
NSs may be rejuvenated by the accretion of interstellar ma-
terial (e.g. Treves et al. 2000 and references therein), such
a population has never been detected, most probably be-
cause accretion is impeded by the star magnetic field, rota-
tion and large spatial velocity. As discussed by Popov et al.
(2000a), a fraction of ∼ 0.1–0.2% of all INSs is expected to
be presently in the so-called supersonic propeller stage. This
amounts to ≈ 105 objects, a number consistent with the es-
timate for RRATs. A supersonic propeller might match the
values of P (Beskin & Eliseeva 2005a,b) and P˙ (Alpar 2001
and references therein) observed in RRATs. The emission
of radio-bursts may be produced by particles accelerated
by magnetic reconnection in the elongated magnetotail (e.g.
Toropina et al. 2001), although no detailed model has been
worked out yet. Alternatively, RRATs may be just ordinary
radio-pulsars, with a particular viewing geometry, or pul-
sars from the “death valley”, as suggested by Zhang et al.
(2006).
The discovery of the X-ray counterpart for the RRAT
J1819-1458 in Chandra archive data (Reynolds et al. 2005)
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poses rather stringent constraints on the aforementioned in-
terpretations for RRATs. In fact, the observed spectrum,
although the counting statistics is quite low, appears consis-
tent with a blackbody at kT ∼ 120 ± 40 eV. Thermal, soft
radiation is not expected from a propeller, in which non-
thermal magnetospheric emission should dominate. PSRs
do indeed show a thermal component in their spectra (e.g.
Pavlov & Zavlin 2003) at comparable temperature. How-
ever, this is the case for quite young objects (age ≈ 104–
105 yr). If RRATs are associated with pulsars from the death
valley, they should be at least one order of magnitude older
and hence much cooler.
Interestingly, the X-ray properties of RRAT J1819-1458
are not in contradiction with the XDINS picture. The ob-
served temperature is, within the reported errors, similar to
those found in the seven bona fide XDINSs (40 . kT .
100 eV, see e.g. Haberl 2004 and Zane et al. 2005). Would
a value of 120 eV be confirmed, this may be quite naturally
explained if this source is younger than the seven. Actu-
ally, the P/2P˙ characteristic age of RRAT J1819-1458 is
about 0.11 Myr and this makes it the youngest among the
RRATs with a measured P˙ (for the other two objects ages
are 1.8 and 3.3 Myr, see again McLaughlin et al. 2006). It
should be mentioned in this respect that in the case of the
XDINS RX J0720.4-3125 the characteristic age turns out
to be larger than both the cooling and the kinematic age
(Kaplan & van Kerkwijk 2005a). If this applies to RRAT
J1819-1458, its age may well be below 105 yr.
Given the very limited sample of XDINSs, it is not
suprising that no XDINSs2 display a rotational period
shorter than ∼ 3 s: this can be ascribed to the poor probabil-
ity of discovering rapidly rotating sources, which spin down
very quickly. We note that the available sample of RRATs
is comparable with that of XDINSs, but there are RRATs
with spin period significantly shorter, down to ∼ 0.4 s. If
RRATs are far away XDINSs, this clearly indicates that the
detectability of the radio bursting activity must be enhanced
in faster spinning neutron stars. Additional support to this
interpretation comes from the fact that two of the RRATs
with a measured period derivative have slightly lower mag-
netic fields than the two XDINSs for which a similar mea-
sure is available. In fact, a RRAT with a lower magnetic
field spins down more slowly and spends a longer time in
the phase when the detection of radio bursts would be more
probable.
4 CONCLUSIONS
The arguments of the previous sections show that, as far as
the birthrate is concerned, XDINSs seem to be a subpopu-
lation of Galactic neutron stars more abundant than that of
PSRs and much larger than that of SGRs/AXPs. In particu-
lar, the birthrate of XDINSs is consistent with the available
estimate made for the birthrate of RRATs.
Discovery of the radio transient activity from close-by
neutron stars in a survey is a difficult task due to the ex-
pected small dispersion measure towards such objects, which
2 Note that the spin period for two of the known XDINSs is still
undetermined.
may lead to misinterpret RRAT candidates as radio inter-
ferences. On the other hand, most of the known RRATs are
too far away for their thermal radiation to be detectable in
the ROSAT All-sky survey above 0.01 cts s−1. Radio obser-
vations of the known sample of XDINSs (with sensitivity to
their putative bursting activity) are hence necessary to test
the possible link between the two populations.
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